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ABSTRACT

Objective: This analysis was performed to assess whether antiepileptic drugs (AEDs) modulate
the effectiveness of temozolomide radiochemotherapy in patients with newly diagnosed
glioblastoma.

Methods: The European Organization for Research and Treatment of Cancer (EORTC) 26981–
22981/National Cancer Institute of Canada (NCIC) CE.3 clinical trial database of radiotherapy
(RT) with or without temozolomide (TMZ) for newly diagnosed glioblastoma was examined to as-
sess the impact of the interaction between AED use and chemoradiotherapy on survival. Data
were adjusted for known prognostic factors.

Results: When treatment began, 175 patients (30.5%) were AED-free, 277 (48.3%) were taking
any enzyme-inducing AED (EIAED) and 135 (23.4%) were taking any non-EIAED. Patients receiv-
ing valproic acid (VPA) only had more grade 3/4 thrombopenia and leukopenia than patients with-
out an AED or patients taking an EIAED only. The overall survival (OS) of patients who were
receiving an AED at baseline vs not receiving any AED was similar. Patients receiving VPA alone
(97 [16.9%]) appeared to derive more survival benefit from TMZ/RT (hazard ratio [HR] 0.39, 95%
confidence interval [CI] 0.24–0.63) than patients receiving an EIAED only (252 [44%]) (HR 0.69,
95% CI 0.53–0.90) or patients not receiving any AED (HR 0.67, 95% CI 0.49–0.93).

Conclusions: VPA may be preferred over an EIAED in patients with glioblastoma who require an
AED during TMZ-based chemoradiotherapy. Future studies are needed to determine whether
VPA increases TMZ bioavailability or acts as an inhibitor of histone deacetylases and thereby
sensitizes for radiochemotherapy in vivo. Neurology® 2011;77:1156–1164

GLOSSARY
AED � antiepileptic drug; EIAED� enzyme-inducing antiepileptic drug; EORTC � European Organization for Research and
Treatment of Cancer; HDAC � histone deacetylase; MMSE � Mini-Mental State Examination; NCIC � National Cancer
Institute of Canada; OS � overall survival; PFS � progression-free survival; RT � radiotherapy; TMZ � temozolomide; VPA �
valproic acid.

The life-time risk of patients with glioblastoma to experience epileptic seizures is in the range of
30%–50%.1 Many considerations support thoughtful use of antiepileptic drugs (AEDs) in
patients with brain tumors, including the resistance of the seizure disorder, drug-to-drug inter-
actions, and side effects.2,3 Rash, drowsiness, or other cognitive alterations may affect the
patients‘ quality of life. Drug interaction with chemotherapy is of concern by overlapping
hematologic toxicity and by hepatic enzyme induction or inhibition. Notably, the older AEDs such
as phenytoin, phenobarbital, or carbamazepine will induce a number of coenzymes of the cyto-
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chrome P450 system and may thus enhance
the metabolism of many commonly adminis-
tered chemotherapy agents as well as corticoste-
roids. Conversely, the enzyme-inhibiting effect
of valproic acid (VPA) appears clinically of lesser
importance, although increased myelosuppres-
sion may develop in patients receiving nitro-
soureas or cisplatinum-based chemotherapy
concomitantly.4 There is also concern that VPA
increases the risk of perioperative bleeding com-
plications, although this is not supported by the
literature.5,6

Intrinsic antitumor activity of certain AEDs
and synergy with chemotherapy or radiotherapy
(RT) have been suggested in some, but not all,
studies.7 For instance, phenytoin has been at-
tributed antimitotic and anti-invasive proper-
ties, and VPA has been suggested to induce cell
differentiation, growth arrest, and apoptosis me-
diated by its histone deacetylase (HDAC)–in-
hibiting properties.8,9

In a recent retrospective analysis of 3 trials
performed by the North Central Cancer Treat-
ment Group, a possible association of enzyme-
inducing antiepileptic drug (EIAED) use with a
favorable outcome in patients with glioblastoma
was reported.10 This observation prompted us to
assess a potential predictive value on outcome of
the AED used within the pivotal trial of con-
comitant and adjuvant temozolomide (TMZ)
and radiotherapy (TMZ/RT3TMZ), the cur-
rent standard of care.11–13

METHODS Patients. We retrospectively analyzed the sub-
group of patients who received an AED while being treated
within a pivotal large randomized clinical chemotherapy trial. In
that randomized trial, 573 patients with newly diagnosed glio-
blastoma were treated between 2000 and 2002 with either initial
RT alone or RT with concomitant and adjuvant TMZ chemo-
therapy (TMZ/RT3TMZ).11 Eligible patients had histologi-
cally confirmed glioblastoma, were aged 18–70 years, and had a
World Health Organization performance status of 0–2. Na-
tional Cancer Institute Common Toxicity Criteria were used to
grade toxicity. Baseline medication was recorded in all patients,
and AED use for the purpose of this analysis refers to baseline
use, that is, at any time during concomitant radiochemotherapy,
unless specified otherwise. The reason for the prescription of an
AED was not recorded; thus, patients may have been receiving
an AED because of a seizure at disease presentation or for pro-
phylaxis during the perioperative and postoperative phase. We
identified 387 patients (68% of all patients) who received any
AED; 110 patients (28% of those receiving an AED) were
prescribed a non-EIAED, mostly VPA, exclusively, whereas
the others received at least one EIAED, either phenytoin,
carbamazepine, oxcarbazepine, or phenobarbital. Patient

characteristics and details of the assigned oncologic therapy
and type of AED used are summarized in tables 1 and 2.

Standard protocol approvals, registrations, and patient
consents. The trial was conducted by the European Organiza-
tion for Research and Treatment of Cancer (EORTC) and the
National Cancer Institute of Canada (NCIC) Clinical Trials
Group. All patients provided written informed consent, and the
study was approved by the ethics committees and competent
authorities of all participating centers.

Statistical analysis. A �2 test was used for binary and categor-
ical factors and a Kruskal-Wallis test for continuous variables
and scores to assess the significance of observed imbalances in
baseline characteristics. The treatment effect on outcome
(progression-free survival [PFS] or overall survival [OS]) was an-
alyzed by univariate analysis in the 3 major subgroups (table 1)
defined by the administration of an AED: no AED vs VPA only
vs EIAED only. OS was defined as the time between randomiza-
tion and death. Patients alive at the time of analysis were cen-
sored at the last visit. PFS was defined as the time between
randomization and progression or death, which ever occurred
first. Patients who did not progress were censored at the last
patient visit.

Log-rank tests were used to compare PFS and OS curves. For
both PFS and OS, 3 Cox proportional hazards models were fit to
assess the treatment effect in each AED subgroup. Three separate
Cox models with an interaction term were fit to compare treat-
ment efficacy between AED subgroups and to estimate their pre-
dictive values for treatment efficacy on PFS and OS. All models
were adjusted for possible confounding effects of 4 previously
identified prognostic factors: age (score: �50, �50–�60, and
�60 years), extent of tumor resection (score: biopsy, partial re-
section, or complete resection), administration of corticosteroids
(yes/no), and Mini-Mental State Examination (MMSE) (score:
27–30 or �27). Forest plots with Peto (unadjusted) heterogene-
ity tests were computed. Hazard ratios (HRs) are presented with
95% confidence intervals (CI). No adjustment for multiple
comparisons was performed in this exploratory analysis. Instead,
a 5% significance level was used for all analyses. A significance
level of 5%–10% was considered borderline nonsignificant. The
size of subgroups does not allow for sufficient power for these
exploratory analyses. p values are presented to point out what the
main effects are but not to provide definitive conclusions. SAS
version 9.2 (SAS Institute Inc., Cary, NC) was used for all statis-
tical analyses.

RESULTS AED use in the EORTC/NCIC trial. The
pattern of AED use by patients treated in the EORTC/
NCIC trial at baseline is summarized in table 1. Table 2
shows that baseline patient characteristics were similar
among patients not receiving any AED, VPA only-
treated patients, and EIAED only-treated patients. Pa-
tients treated in the TMZ/RT arm were less often
treated with an AED than patients in the RT only arm
(61% vs 72%, p � 0.007). There was no significant
imbalance in VPA only-treated patients: 30% in the
TMZ/RT arm vs 26% in the RT only arm (p � 0.34).
There was a slight imbalance in gender distribution
(p � 0.06), and more patients treated with VPA in the
RT only arm had a lower MMSE score (�27) com-
pared with other subgroups (p � 0.07). We also con-

Neurology 77 September 20, 2011 1157



sidered the possibility of a bias introduced by parallel
changes in patterns of care in terms of tumor treatment
and AED use. To this end, we assessed the prescription
of AED by year of accrual (2000, 2001, or 2002) and by
split into cohorts (first half of patients vs second half of
patients), but there was no significant change of AED pre-
scription within this short time period (data not shown).

Information on AED use as concomitant medica-
tion was available for the duration of adjuvant TMZ
administration but was not available after the end of RT
for patients in the RT alone arm. Among the 287 pa-
tients in the TMZ/RT3TMZ arm, 223 started adju-
vant TMZ; of these, 206 patients belonged to one of
the 3 main subgroups (table 1): 79 no AED, 88 EIAED
only, and 39 VPA only. Overall, 957 cycles of TMZ
were administered to the 223 patients. Of 340 adjuvant
cycles given to patients without an AED at baseline
(36%), 301 cycles remained without an AED (88.5%),
18 were with an EIAED (5.3%), and 5 were with VPA
(1.5%). Of 375 cycles given to patients with an EIAED
only at baseline (39%), 320 remained with an EIAED
only (85.3%), 33 were without an AED (8.8%), and 6
were with VPA only (1.6%). Of 172 cycles given to
baseline VPA only patients (18%), 128 remained with
VPA (74.4%), 27 without an AED (15.7%), and 10
with an EIAED only (5.8%). When all switches, e.g.,
no AED to AED and vice versa, VPA to EIAED, or
VPA to a combination, were counted as a change in
AED status, there was no significant difference in the

pattern of switch between the 3 baseline groups (p �

0.2). In patients treated with an AED at baseline, the
frequency of changing AED type during chemoradio-
therapy was 11% with EIAED only and 18% with VPA
only (p � 0.4).

AED use and hematologic toxicity. To identify differ-
ential hematologic toxicity from TMZ chemoradio-
therapy, we focused on the 3 well-defined largest
groups of patients: patients without any AED, pa-
tients treated with VPA only, and patients treated
with an EIAED only. There was no difference in the
number of adjuvant TMZ cycles across these 3 base-
line AED groups (p � 0.90). There was also no dif-
ference in the rate of grade 3/4 hematologic toxicity
during concomitant TMZ among these groups (data
not shown). However, patients starting adjuvant
TMZ while taking VPA had thrombocytopenia (p �

0.002), neutropenia (p � 0.004), and leukopenia
(p � 0.03) more often than patients without an
AED or patients with an EIAED, whereas no signifi-
cant difference was found for anemia (table e-1 on
the Neurology® Web site at www.neurology.org).
These differences persisted when the patients who
switched AED treatment were removed from the
analysis (data not shown). Moreover, VPA only–
treated patients had 30% of the adjuvant cycles de-
layed compared with 16% in EIAED only–treated
patients and 17% in no AED patients (p � 0.0001).

Table 1 AED use in the EORTC NCIC trial population

RT (n � 286) TMZ/RT (n � 287) All patients (n � 573)

No AED, n (%) 72 (25.2) 103 (35.9) 175 (30.5)

EIAED only, n (%) 139 (48.6) 113 (39.4) 252 (44.0)

EIAED plus VPA, n (%) 13 (4.5) 5 (1.7) 18 (3.1)

EIAED plus non-EIAED (without VPA), n (%) 2 (0.7) 5 (1.7) 7 (1.2)

VPA only, n (%) 48 (16.8) 49 (17.1) 97 (16.9)

VPA plus another non-EIAED, n (%) 2 (0.7) 1 (0.3) 3 (0.5)

Non-EIAED (without VPA), n (%) 2 (0.7) 8 (2.8) 10 (1.7)

Missing data, n (%) 8 (2.8) 3 (1.0) 11 (1.9)

Commonly used agents, n (%)a

Phenytoin 105 (36.7) 84 (29.3) 189 (33.0)

Carbamazepine 44 (15.4) 35 (12.2) 79 (13.8)

Phenobarbital 15 (5.2) 12 (4.2) 27 (4.7)

Clobazam 5 (1.7) 5 (1.7) 10 (1.7)

Other non-EIAEDb 5 (1.7) 11 (3.8) 16 (2.8)

Abbreviations: AED � antiepileptic drug; EIAED� enzyme-inducing antiepileptic drug; EORTC � European Organization for
Research and Treatment of Cancer; NCIC � National Cancer Institute of Canada; RT � radiotherapy; TMZ � temozolomide;
VPA � valproic acid.
a Percentages are relative to all patients. Note that percentages in the lower part of the table do not add up to 100% in the
table because some patients received no AED whereas other patients received more than one AED. This table is for de-
scriptive purpose only; that is, no inference was performed.
b Lamotrigine, levetiracetam, gabapentin, topiramate, or tiagabine.
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However, there was no difference with regard to the
number of cycles with dose reduction.

AED use and outcome. The overall outcome of pa-
tients receiving an AED at baseline was similar to
that of the patients not receiving an AED (PFS: p �
0.19, HR 1.13, 95% CI 0.94–1.35; OS: p � 0.69,
HR 1.04, 95% CI 0.86–1.25) and was independent
of allocated treatment arm (RT arm, PFS: p � 0.84,

HR 1.03, 95% CI 0.78–1.34; OS: p � 0.85, HR
1.03, 95% CI 0.78–1.35; TMZ/RT arm, PFS: p �

0.58, HR 1.07, 95% CI 0.84–1.37; OS: p � 0.89,
HR 0.98, 95% CI 0.76–1.27).

Further, the overall benefit from the addition of
TMZ was similar in patients without an AED (PFS:
p � 0.0001, HR 0.50, 95% CI 0.36–0.69; OS: p �

0.016, HR 0.67, 95% CI 0.49–0.93 and with an AED

Table 2 Distribution of baseline patient characteristics by type of AED and treatment

Combination
with VPA
or EIAED
(n � 38)

AED status
unknown
(n � 11)

RT alone TMZ/RT3TMZ

Total
(n � 573) p Valuea

No AED
(n � 72)

EIAED only
(n � 139)

VPA only
(n � 48)

No AED
(n � 103)

EIAED only
(n � 113)

VPA only
(n � 49)

Sex, n (%)

Male 20 (52.6) 7 (63.6) 38 (52.8) 94 (67.6) 28 (58.3) 74 (71.8) 73 (64.6) 26 (53.1) 360 (62.8) 0.06b

Female 18 (47.4) 4 (36.4) 34 (47.2) 45 (32.4) 20 (41.7) 29 (28.2) 40 (35.4) 23 (46.9) 213 (37.2)

Performance status, n (%)

0 18 (47.4) 3 (27.3) 30 (41.7) 51 (36.7) 18 (37.5) 46 (44.7) 39 (34.5) 18 (36.7) 223 (38.9) 0.35

1 17 (44.7) 5 (45.5) 39 (54.2) 68 (48.9) 22 (45.8) 46 (44.7) 54 (47.8) 26 (53.1) 277 (48.3)

2 3 (7.9) 3 (27.3) 3 (4.2) 20 (14.4) 8 (16.7) 11 (10.7) 20 (17.7) 5 (10.2) 73 (12.7)

Age (continuous), y

Median 52.2 56.9 55.3 57.1 58.6 57.8 53.4 56.6 55.8 0.31

Range 27.3–68.9 35.7–67.4 25.4–69.8 23.1–70.8 29.7–69.5 18.7–70.5 19.0–70.3 18.6–68.4 18.6–70.8

Age (class), y, n (%)

<50 7 (18.4) 3 (27.3) 7 (9.7) 10 (7.2) 5 (10.4) 12 (11.7) 14 (12.4) 6 (12.2) 64 (11.2) 0.50

51–60 26 (68.4) 3 (27.3) 47 (65.3) 81 (58.3) 28 (58.3) 55 (53.4) 69 (61.1) 30 (61.2) 339 (59.2)

>60 5 (13.2) 5 (45.5) 18 (25.0) 48 (34.5) 15 (31.3) 36 (35.0) 30 (26.5) 13 (26.5) 170 (29.7)

Extent of surgery, n (%)

Complete 16 (42.1) 6 (54.5) 28 (38.9) 55 (39.6) 17 (35.4) 43 (41.7) 43 (38.1) 18 (36.7) 226 (39.4) 0.86

Partial 13 (34.2) 4 (36.4) 30 (41.7) 67 (48.2) 21 (43.8) 43 (41.7) 56 (49.6) 20 (40.8) 254 (44.3)

Biopsy 9 (23.7) 1 (9.1) 14 (19.4) 17 (12.2) 10 (20.8) 17 (16.5) 14 (12.4) 11 (22.4) 93 (16.2)

Corticosteroids, n (%)

No 13 (34.2) 3 (27.3) 18 (25.0) 37 (26.6) 9 (18.8) 34 (33.0) 38 (33.6) 12 (24.5) 164 (28.6) 0.33

Yes 25 (65.8) 7 (63.6) 54 (75.0) 102 (73.4) 39 (81.3) 69 (67.0) 75 (66.4) 37 (75.5) 408 (71.2)

Not reported 0 (0.0) 1 (9.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)

Mini-Mental State Examination
(continuous), n (%)

Median 29.0 29.0 29.0 29.0 26.5 29.0 29.0 29.0 29.0 0.27

Range 10.0–30.0 21.0–30.0 2.0–30.0 7.0–30.0 9.0–30.0 7.0–30.0 13.0–30.0 2.0–30.0 2.0–30.0

Mini-Mental State Examination
(class), n (%)

27–30 22 (57.9) 7 (63.6) 50 (69.4) 102 (73.4) 22 (45.8) 69 (67.0) 78 (69.0) 34 (69.4) 384 (67.0) 0.07

<27 13 (34.2) 2 (18.2) 20 (27.8) 35 (25.2) 22 (45.8) 29 (28.2) 34 (30.1) 12 (24.5) 167 (29.1)

Missing 3 (7.9) 2 (18.2) 2 (2.8) 2 (1.4) 4 (8.3) 5 (4.9) 1 (0.9) 3 (6.1) 22 (3.8)

MGMT, n (%)

Methylated 7 (18.4) 2 (18.2) 10 (13.9) 22 (15.8) 10 (20.8) 18 (17.5) 14 (12.4) 9 (18.4) 92 (16.1) 0.89

Unmethylated 6 (15.8) 2 (18.2) 10 (13.9) 26 (18.7) 13 (27.1) 23 (22.3) 25 (22.1) 9 (18.4) 114 (19.9)

Missing 25 (65.8) 7 (63.6) 52 (72.2) 91 (65.5) 25 (52.1) 62 (60.2) 74 (65.5) 31 (63.3) 367 (64.0)

Abbreviations: AED � antiepileptic drug; EIAED� enzyme-inducing antiepileptic drug; RT � radiotherapy; TMZ � temozolomide; VPA � valproic acid.
a Kruskall-Wallis test between the 6 AED subgroups, i.e., the 3 AED subgroups by treatment arm.
b �2 test.
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(PFS: p � 0.0001, HR 0.57, 95% CI 0.46–0.70; OS:
p � 0.0001, HR 0.61, 95% CI 0.49–0.76; interaction
tests, PFS: p � 0.50; OS: p � 0.86).

Further analyses were again restricted to the 3 ma-
jor groups of patients as detailed in table 1: patients
without any AED, patients treated with VPA only,
and patients treated with an EIAED only. Table 3
shows that patients treated with VPA alone (97
[16.9%]) had a superior survival benefit from
TMZ/RT (HR 0.39, 95% CI 0.24–0.63) compared
with patients treated with an EIAED only (252
[44%]) (HR 0.69, 95% CI 0.53–0.90) or patients
without any AED (HR 0.67, 95% CI 0.49–0.93).
Interaction tests were significant for the VPA only vs
EIAED only comparison (p � 0.042), borderline
nonsignificant for VPA only vs no AED (p � 0.09),
and not significant for EIAED only vs no AED (p �

0.76). Corresponding OS data are provided in table
4 and figure 1A. No such effect was seen for PFS

(table e-2, figure e-1). This discrepancy between PFS
and OS could not be attributed to different salvage
treatments administered at recurrence across the 3
groups of patients (data not shown). Similar analyses
were also separately conducted for the 2 most com-
monly used EIAEDs, phenytoin and carbamazepine,
but neither drug had a statistically significant impact
either (data not shown).

Methylation of the O6-methylguanine methyl-
transferase (MGMT) gene has been identified as a
predictor of benefit from TMZ in this trial.12 Thus,
we explored the possibility that an uneven distribu-
tion of patients with methylated vs unmethylated tu-
mors accounted for the association of VPA use and
outcome. However, this was not the case: the rates of
MGMT promoter methylation in the 3 groups by
treatment arm were 10 of 20 (50.0%) for no AED,
10 of 23 (43%) for VPA only, and 22 of 48 (46%)
for EIAED only in the RT arm and 18 of 41 (44%)

Table 3 Adjusted hazard ratios for overall survival benefit of TMZ/RT3TMZ vs RT by AED status

No AED (n � 175) VPA only (n � 97) EIAED only (n � 252)

HR (95% CI) 0.67 (0.49–0.93) 0.39 (0.24–0.63) 0.69 (0.53–0.90)

p Value 0.016a 0.0001a 0.007a

Interaction tests EIAED only vs VPA only (n � 349) 0.042b

EIAED only vs no AED (n � 427) 0.76b

VPA only vs no AED (n � 272) 0.09b

Abbreviations: CI � confidence interval; AED � antiepileptic drug; EIAED� enzyme-inducing antiepileptic drug; HR � haz-
ard ratio; VPA � valproic acid.
a Significance of treatment effect (TMZ/RT3TMZ vs RT) in a Cox regression adjusted for main prognostic factors (age,
extent of surgery, corticosteroids administration and Mini-Mental State Examination). Three models were fit, one for each
AED subgroup.
b Significance in a Cox regression with an interaction term between treatment and AED use subgroup adjusted for main
prognostic factors. Three models were fit, one for each pair of AED subgroups.

Table 4 Outcome by AED and protocol treatment

OS, mo, median (95% CI) OS at 12 mo, % (95%CI) OS at 24 mo, % (95% CI)

All patients

No AED (n � 175) 12.52 (11.86–14.75) 54.63 (46.94–61.68) 20.13 (14.54–26.38)

VPA only (n � 97) 12.78 (11.33–16.20) 54.64 (44.23–63.91) 20.62 (13.24–29.14)

EIAED only (n � 252) 13.19 (12.19–14.49) 57.94 (51.59–63.75) 16.20 (11.95–21.03)

RT only

No AED (n � 72) 11.96 (10.02–14.42) 47.97 (36.01–58.97) 12.70 (6.24–21.54)

VPA only (n � 48) 10.09 (8.64–12.35) 37.50 (24.09–50.87) 10.42 (3.82–20.86)

EIAED only (n � 139) 12.48 (11.40–14.19) 56.12 (47.47–63.89) 7.91 (4.19–13.15)

TMZ/RT3TMZ

No AED (n � 103) 13.96 (12.12–18.07) 59.22 (49.10–67.99) 25.24 (17.33–33.91)

VPA only (n � 49) 17.35 (14.59–22.87) 71.43 (56.58–81.97) 30.61 (18.45–43.64)

EIAED only (n � 113) 14.42 (12.35–16.30) 60.18 (50.54–68.52) 26.47 (18.71–34.84)

Abbreviations: CI � confidence interval; AED � antiepileptic drug; EIAED� enzyme-inducing antiepileptic drug; OS � over-
all survival; RT � radiotherapy; TMZ � temozolomide; VPA � valproic acid.
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for no AED, 9 of 18 (50.0%) for VPA only, and 14
of 39 (36%) for EIAED in the TMZ/TR arm
(Kruskall-Wallis test, p � 0.89).

DISCUSSION This retrospective analysis of the da-
taset from the pivotal trial for TMZ in newly diag-
nosed glioblastoma11–13 suggests a predictive impact

Figure 1 Survival plots

(A) Overall survival: Kaplan-Meier curve per tumor treatment and antiepileptic drug (AED) status. Red curves, patients not receiving AED. Green curves, valproic
acid (VPA)–treated patients. Blue curves, enzyme-inducing antiepileptic drug (EIAED)–treated patients. Solid curves (top curves), patients treated with temozolo-
mide (TMZ)/radiotherapy (RT). Dashed curves, patients treated with RT. (B) Overall survival: Forest plot of interaction between treatment and AED. CI � confi-
dence interval; HR � hazard ratio; E � events expected; N � number of patients treated with either RT or TMZ/RT and respective subgroups; O � events observed.
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on survival of AED choice in patients with glioblas-
toma treated according to current standards of care.
Patients who were treated with TMZ/RT3TMZ
and received VPA appeared to have a better outcome
than patients treated with an EIAED and even pa-
tients not receiving any AED. This effect could not
be attributed to a differential distribution of patients
with tumors with vs without MGMT promoter
methylation within the subgroups analyzed.

At least 2 mechanisms underlying this interesting
observation may be considered. TMZ is a prodrug
converted to 3-methyl-(triazen-1-yl)imidazole-4-
carboxamide, which is either hydrolyzed or un-
changed before excretion. No effect of phenytoin,
carbamazepine, or barbituric acid on TMZ clearance
has been observed, whereas VPA decreased its clear-
ance by 5% (www.temodar.com). To some extent,
the increased hematologic toxicity during adjuvant
TMZ with VPA (table e-1) may thus be related to
increased bioavailability of TMZ. However, throm-
bocytopenia is not an uncommon side effect in pa-
tients treated with VPA alone.

Alternatively, our observation may lend sup-
port to the notion that the HDAC inhibitory
properties of VPA mediate the superior benefit de-
rived from radiochemotherapy. Improved survival
for patients with a number of tumors has been
reported if HDAC-inhibitory agents including
VPA are combined with one or more chemothera-
peutic agents.8,14,15 Previously, a prolonged survival
of 14 months vs 11 months was observed in patients
with glioblastoma treated with adjuvant CCNU who
received antiepileptic therapy with a non-EIAED,
mainly VPA, compared with patients who received
an EIAED, mainly carbamazepine.16 Exploratory tri-
als using HDAC inhibitors more potent than VPA
such as vorinostat in combination with TMZ ra-
diochemotherapy are ongoing and may provide fur-
ther support for this hypothesis. Selective HDAC
inhibitors might also have a preferred tolerability
profile compared with VPA, which induces weight
gain, alopecia, and tremor in some patients.

Our results must be interpreted with caution.
They were generated from an unplanned and insuffi-
ciently powered retrospective analysis. The indica-
tion for and the choice of an AED were decided
according to local practice before enrollment into the
clinical trial. Although we have no evidence for a
bias—the decisions for prescription and type of AED
were at the investigators’ discretion, and randomiza-
tion was stratified by participating center—the ob-
served differences may be the result of patient
selection. This potential flaw might be tempered by
the balancing effect of the treatment randomization
and adjustment for known prognostic factors in all

analyses. However, there was an imbalance in that
more patients with a lower MMSE score (�27) were
treated with VPA than with an EIAED in the RT
arm (table 2), enhancing the TMZ treatment effect
observed. The indication for the prescription of an
AED and the duration of use were not recorded in
detail, and we suspect that several patients may have
received primary antiseizure prophylaxis in the peri-
operative and postoperative period, which was com-
mon practice in many centers in 2000–2002. Today,
more and more neurooncology centers restrict the
indication for an AED to secondary prophylaxis and
prefer newer AEDs such as levetiracetam over either
an EIAED or VPA.

No significant difference in outcome was observed
for PFS in any of the analyses, but this secondary study
endpoint is subject to many additional limitations, in-
cluding the occurrence of pseudoprogression and is also
subject to variations in medical practice, such as fre-
quency of imaging, which may be summarized as infor-
mation bias. Moreover, the date of progression was not
centrally reviewed in this trial. Importantly, if VPA
truly has radiochemosensitizing effects, it may also en-
hance the incidence of pseudoprogression, possibly di-
luting a PFS effect in a trial lacking a central radiology
review for PFS determination.

Our study and this analysis are unique and have
some distinguishing strengths compared with other
reports.10,17,18 Our analysis is contemporary and eval-
uates patients treated with the current standard of
care with concomitant chemoradiotherapy,11,13

whereas a previous report evaluated a pooled data-
base of clinical trials with negative results.10 In addi-
tion, by analyzing the HR for treatment benefit
within a randomized trial rather than analyzing prog-
nostic values, we counterbalance potential inhomo-
geneities of hidden prognostic factors.

Our data suggest that combined modality therapy
may be more effective in patients with newly diag-
nosed glioblastoma treated with VPA than in pa-
tients treated with an EIAED. A more intriguing
finding is that VPA-treated patients may even have a
better outcome than patients receiving no AED at
all. One explanation for the observed interaction be-
tween VPA and TMZ/RT is the inhibition of
HDAC by VPA,19,20 and autophagy of glioma cells
may possibly also be induced by VPA.21 The presence
of better acetylation status of histones may allow
greater efficacy of chemotherapy and may explain the
longer survival in patients receiving VPA in combi-
nation with another chemotherapeutic agent, i.e.,
TMZ, and not with the use of EIAED or without
any AED.8,9 The full potential of VPA may not have
been exploited because VPA was not given during
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the full course of TMZ chemoradiotherapy in some
of the patients included in the VPA group.

Despite the limitations of this retrospective analy-
sis, these results suggest that the choice of AED in
patients with brain tumors should be carefully con-
sidered because it may affect survival. The present
observation also further supports a recent trend to
favor an non-EIAED for patients with a malignancy
to allow administration of modern chemotherapy
and targeted agents that often show increased hepatic
metabolism if patients are given an EIAED.
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